Ethnographic evidence demonstrates that hunter-gatherer children may forage effectively enough to supplement an adult provisioned diet, where ecology, subsistence strategies, and social organization are conducive to juvenile participation. We use stable isotope measures (δ 15 N and δ 13 C) from bone collagen and serial-samples of dentinal collagen extracted from first molars to examine childhood dietary patterns among 24 individuals from the Late Holocene Central California site CA-ALA-554. We identify weaning age and early childhood dietary patterns, and find evidence for independent child foraging among 25% of the sample population (n = 6), the majority of whom lived during the high-stress Medieval Climatic Anomaly (1100-700 BP).
Introduction
Modern Homo sapiens exhibit unique life history traits as compared to other mammals and primates, including a particularly helpless infancy period, relatively short lactation periods and interbirth intervals, and long childhoods (Dettwyler, 2004; Hawkes et al., 1998; Hrdy, 1999; Sellen, 2006) . A long period of somatic investment prior to sexual maturity reduces lifetime fertility, and it has been suggested that natural selection could favor delayed maturation and prolonged investment in growth if the costs of reduced fertility are outweighed by reduced mortality associated with a longer period of learning required for difficult or complex foraging tasks (Blurton Jones et al., 1994; Blurton Jones and Marlow, 2002; Gurven and Kaplan, 2006; Hawkes et al., 1998; Hrdy, 1999; Kaplan et al., 2000) .
Focus on child foraging behavior among ethnographic populations of hunter-gatherer groups has stemmed from attempts to test the embodied capital hypothesis to determine whether differences between food items taken by children and adults are a function of the correlation of learning and age, or of size and strength (Blurton Jones, 2005; Bock, 2005; Dettwyler, 2004; Hawkes et al., 1998; Hrdy, 1999; Sellen, 2006) .
Ethnographic evidence demonstrates that hunter-gatherer children often supplement food provisioned by adults through foraging, at least when social organization, ecology, and subsistence strategies are conducive to juvenile participation (Bird and Bliege Bird, 2000 Blurton Jones et al., 1994) . For example, in their comparison of !Kung and Hadza child foraging, Blurton Jones et al. (1994) note that local ecology has a significant impact on whether children forage. In easily navigated environments with food items accessible to children in proximity to a central place, children forage for resources that require little or no processing (Blurton Jones, 2005; Blurton Jones et al., 1994) . Hadza children forage independently for berries and small game away from camp in small, mixed-cohort groups, and experience high enough return rates to supplement half of their daily caloric requirements (Blurton Jones et al., 1994; Crittenden et al., 2013; Marlowe, 2005) . In contrast, !Kung children do not engage in any foraging activity, and are mostly or entirely dependent on adults for their subsistence needs. This has been attributed to the wide and patchy distribution of water and resources, paucity of shade, and the difficulty associated with navigating the Kalahari (Blurton Jones et al., 1994 Jones et al., , 1989 Howell, 2010; Marlowe, 2005) . Tucker and Young (2005) similarly note the importance of environmental conditions in child foraging efficiency among the Mikea of Madagascar, where children's foraging contributes significantly to the household economy. The Mikea Forest offers an ideal environment for child foragers, with no predators and very few toxic plants. At age four or five, children begin harvesting wild tubers using strategies optimal for their strength and skill levels, as predicted by the marginal value theorem (Charnov, 1976) . Likewise, Bird and Bliege Bird have found that among the Martu and Meriam of Australia, size, as measured by height, is strongly correlated to foraging success, and that children make prey choice decisions that maximize their encounter rates and overall efficiency (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995) . Among the Meriam prey choices include shellfish, sessile resources that require minimal skill in procurement and processing, and among Martu small reptiles (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995) .
Although the Tsimane are not exclusively a foraging population, a systematic study conducted by Schniter et al. (2015) on the prereproductive skill acquisition of Tsimane children demonstrated that both boys and girls develop approximately 25% of their total lifetime food procurement skills by the age of ten, and that children beginning around age five are capable of supplementing their provisioned diet with food items they've procured.
As the ethnographic examples above illustrate, children may engage in foraging behavior that aids adult efforts and may even supplement their predominantly adult-provisioned diet. However, the resources that children pursue may not be included in the predicted diet breadth for adults. The diet breadth model, as originally conceived and applied in biology and human behavioral ecology, predicts the food items foragers will choose to exploit with the assumption that foragers are optimizing a currency (typically energy, or kilocalories) with direct fitness results (Charnov, 1976; Kaplan and Hill, 1992; MacArthur and Pianka, 1966; Maynard Smith, 1976; Schoener, 1971) . The model depicts foraging as divisible into two discrete, mutually exclusive componentssearch and handling time. The search time is the period devoted to looking for a food item, while handling time involves post-encounter pursuit, procurement, processing, and consumption of that food item (Bettinger, 2009; Kaplan and Hill, 1992 ). An optimal diet will incorporate food items that maximize energetic return per unit time of search and handling. A diet breadth model scaled to body size has demonstrated that child foragers conform to a predicted diet breadth that differs from adults as a result of the inclusion of resources that adults would likely ignore due to low return rates (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995) . The diet breadth model and its ethnographic applications suggest that children foraging independently will exploit a different suite of resources than adults, or incorporate a higher proportion of low-return foods into their diet than adults would.
While many species of mammals, including humans, learn and practice foraging skills through play-acting as juveniles (Harako, 1980; Hewlett and Cavalli-Sforza, 1986; Kamei, 2005; Turnbull, 1962) , the degree to which children supplement their adult-provisioned diet may be used as a proxy for parental investment. Lower levels of parental provisioning due to an emphasis on somatic maintenance or sibling care would cause a reduction in the quality and/or quantity of foods provided by parents to their juvenile offspring.
Child foraging patterns
For the purposes of this study we delineate two primary types of child foraging behavior -assistive and independent -based on the ethnographic observations of child foraging patterns summarized above. Assistive child foraging occurs when a child accompanies a parent or alloparent during their foraging activities and assists in a portion of the gathering or processing of the resource or resources being exploited. This may include, for example, a child helping to gather acorns with his or her mother.
While unweaned infants and toddlers are typically carried by their mother on foraging trips to permit breastfeeding, weaned children can participate in assistive foraging by accompanying an adult, typically a parent of the same sex, during resource procurement activities. These children will therefore consume diets that are identical, either to the general adult population of their group, or identical to adult members of their sex within their group.
Independent child foraging observed ethnographically is defined by small, typically mixed age-cohorts of children aged 5-9 foraging separately from adult food-getting activities, and in relatively close proximity to their group's settlement (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995; Blurton Jones, 2005; Blurton Jones et al., 1994; Crittenden et al., 2013) . Children engaged in independent foraging will exploit foods that require no, or minimal, processing and that are typically not included in, or are a minor component of, an adult forager's diet breadth. Children supplementing their diets with foods foraged independently from adult foraging activities will consume a diet that differs slightly from that of adults within their group.
We seek to detect possible instances of childhood foraging behavior among a prehistoric foraging population in Central California by capitalizing on recent advancements in the archaeological application of stable isotope analysis to reconstruct the early childhood diet of 24 individuals from the Late Holocene archaeological site CA-ALA-554 (Fig. 1) , using collagen extracted from serial micro-samples of first molar dentin. Permanent first molars record information about dietary practices when an individual was an infant and child. As a result, serial section data permit the detection of dietary shifts in individuals while they were still children. This includes life history events such as weaning, post-weaning parental provisioning, and child foraging behavior.
Archaeological context
Archaeological site CA-ALA-554 was excavated in 2011 by William Self and Associates (WSA), in what is now Pleasanton, California, within the ethnographic territory of the Ohlone peoples. At the time of prehistoric occupation, CA-ALA-554 was located along the southern shoreline of a freshwater marsh between two small watercourses within the California Coast Range. Excavations recovered 187 individuals from 165 burial features, as well as 24 non-burial features, including house floors, rock concentrations, and fire, or roasting pits (Estes et al., 2012) .
Although earlier periodic occupations date to the Middle Period (2160-940 BP), the site was continuously occupied year-round for approximately 600 years, from the MLT (940-740 years BP) into the Late Period 2 (440-180 BP), when it was abruptly abandoned. CA-ALA-554 experienced its largest spatial extent and highest population density during the Late Period 1 (740-440 BP) (Estes et al., 2012) . Occupation of CA-ALA-554 is coincident with the Medieval Climatic Anomaly (MCA) (1100-700 BP), which is associated with episodic drought and increased climate variability in the region (Benson et al., 2002; Cook et al., 2004; Graumlich, 1993; Stine, 1994) .
Because data recovery conducted by WSA at CA-ALA-554 was focused on burials and features in imminent threat of destruction from construction activities, floral and faunal materials are limited to those encountered in burial and feature matrices. Terrestrial fauna, with a high percentage of artiodactyl and leporid remains, dominate the site's faunal assemblage. Waterfowl and rodents are less abundant, but likely contributed to the prehistoric residents' diet. Very few fish and shellfish remains were recovered (Estes et al., 2012) .
The archaeobotanical assemblage is dominated by acorn, including Quercus lobata, Quercus kelloggii, and Quercus agrifolia; and small seeds, including hairgrass (Deschampsia spp.), fescue (Vulpia spp.), clover (Trifolium spp.), farewell to spring (Clarkia spp.), red maids (Calandrinia spp.), and goosefoot (Chenopodium spp.). Flora found in lower concentrations that likely constituted a minor portion of the diet include geophytes (e.g. Brodiaea), bay (Umbellularia californica), buckeye (Aesculus californica), and hazel (Corylus cornuta var. californica), fiddleneck (Amsinckia spp.), saltbush (Atriplex spp.), brome grass (Bromus spp.), miners lettuce (Claytonia spp.), elderberry (Sambucus mexicana), tarweed (Madia spp.), maygrass (Phalaris spp.), and dock (Rumex spp.) (Estes et al., 2012) .
The faunal and archaeobotanical evidence suggest a strong focus on the exploitation of terrestrial plants at CA-ALA-554, with terrestrial animal resources, as well as freshwater fish and waterfowl from the nearby watercourses and marsh constituting a minor portion of the diet (Estes et al., 2012) . This evidence conforms to a larger regional pattern of Late Holocene resource intensification driven by increased population densities and the depletion of high-ranking resources, with an attendant diet breadth expansion in Central California (Broughton, 1994a (Broughton, , 1994b (Broughton, , 2004 Groza, 2002; Hildebrandt and Jones, 2002; Hylkema, 2002; Milliken et al., 2007; Wohlgemuth, 1996 Wohlgemuth, , 2004 . Also during the primary occupation period of CA-ALA-554, Milliken and Bennyhoff (1993) report a transition from high levels of wealth inequality, as measured by the quantity of Olivella shell beads interred in burials, to reduced levels of inequality and higher levels of average wealth.
Archaeological expectations
We predict that the isotopic signature of a weaned child engaged in assistive foraging would closely resemble the adult average at the site. At sites with a significant difference in dietary signatures between men and women, children's diets reflect adult sex differences (Eerkens and Bartelink, 2013) . Unfortunately, the predicted isotopic signature of a child engaged in assistive foraging may not differ substantially from a child consuming a diet of adult-provisioned food, in which case the composition of their diet would also resemble the adult average at a site. For this reason, establishing clear evidence of assistive foraging separate from adult provisioning using stable isotopes is not possible with currently available methods. Due to this constraint, this paper will focus on the identification of independent child foraging.
The diet of a prehistoric Central California child supplementing their diet with resources foraged independently of adult activities would vary with local ecology, as would the diets of the general population. At CA-ALA-554 and similar inland areas in Central California, independent child foragers would focus on sessile resources, especially additional plant foods requiring little or no processing (e.g. berries), freshwater shellfish, and possibly small reptiles. Therefore, we predict that a child's average trophic level would be lower compared to an adult's, resulting in an isotopic dietary signature that is depleted in 15 N relative to 14 N on the order of 0.5-1.5‰. By contrast, adult diets would include a higher percentage of terrestrial game resource that are higher on the trophic scale than plants.
Methods
Human biological tissues are generated from the food and water sources consumed by individuals. Within the macro-and micronutrients necessary for tissue synthesis, foods can vary in their stable isotope composition, including the ratio of 13 C to 12 C and 15 N to 14 N. These elements, and their stable isotope ratios, are incorporated into tissues, though sometimes after internal fractionation, or enrichment of one isotope relative to the other. Collagen -the primary organic component of bone, dentin, and connective tissue -is synthesized primarily from dietary protein, and therefore contains stable isotopic signatures reflective of a large component of individuals' protein budget (Ambrose and Norr, 1993; Tieszen and Fagre, 1993; Schoeninger, 1985; Schwarcz, 2000) .
Bone, which is approximately 27% collagen, is remodeled throughout an individual's life, with tissue turnover occurring every 10-20 years, depending on the skeletal element (Manolagas, 2000; Hedges et al., 2007; White and Folkens, 2005) . Consequently, stable isotope measures derived from bone collagen inform on the dietary protein sources consumed during the individual's last decades of life (Eerkens and Bartelink, 2013; Schwarcz and Schoeninger, 1991) . Unlike bone, teeth do not experience tissue turnover and replacement, although secondary dentin growth may occur in the pulp cavity during adulthood (Hillson, 1986; White and Folkens, 2005) . Dentin, which is approximately 20% collagen, comprises the interior portion of the root and much of the tooth crown. Dentin accrues incrementally from the dentin-enamel junction (DEJ) in the crown to the apical root tip, with growth layers -similar to tree rings or sediment strata -accumulating at a predictable rate during tooth ontogeny (Hillson, 1986 (Hillson, , 1996 (Fig. 2) . Permanent first molars begin development at birth and complete root development at age eight to eleven (Gustafson and Koch, 1974; Hillson, 1986 Hillson, , 1996 . Cutting small serial samples of first molars permits isotopic analysis of diet during small time intervals of an individual's childhood.
Nitrogen isotope ratios, expressed as δ 15 N, display a trophic-level effect, wherein the collagen of a consumer will be enriched 2-4‰ over the source of dietary protein (Schoeninger, 1985; Schwarcz and Schoeninger, 1991) . This effect is preserved in the isotopes of serial samples in first molars. Thus, dentin from coronal sections, corresponding to breastfeeding infants, generally exhibit δ 15 N variation at one trophic level above collagen from adult bone (Beaumont et al., 2013; Eerkens et al., 2011; Fuller et al., 2003 Fuller et al., , 2006a . When a child is weaned and switches to solid foods δ 15 N predictably drops, as measured in dentinal collagen (Eerkens et al., 2011; Fuller et al., 2003) (Fig. 4) . Post-weaning δ 15 N indicate the approximate trophic level of dietary protein for an individual. In terrestrial environments, low δ 15 N (6-8‰) indicates consumption of primarily plant-based proteins, while higher levels indicate incorporation of increased levels of animal-derived proteins (Fig. 3) . Stable carbon isotopes in collagen weakly track trophic level, but show a stronger correlation with the biological or ecological source of dietary protein. In Central California, this measure most closely tracks marine versus terrestrial sources to the total protein budget (Fig. 3) . In coastal settings this permits the detection of fine-scaled changes in the consumption of shellfish, fish, and marine mammals. In interior regions, it more closely tracks the consumption of anadromous fish such salmon and sturgeon (Chisholm et al., 1982; Eerkens et al., 2011; Eerkens and Bartelink, 2013; Fuller et al., 2006a Fuller et al., , 2006b Schoeninger and DeNiro, 1984) . Outside of California, δ 13 C may also be used as a reliable indicator of the dietary importance of C 3 versus C 4 plants, permitting archaeologists to trace the importance of C 4 plants such as maize, sorghum, and millet, or animals who foddered on these plants, in the diet (Kellner and Schoeninger, 2007; Schoeninger, 2009 ). However, in Central California, C 4 plants may be ruled-out as a source of protein because these plants are uncommon and did not play an important role in the subsistence economy of local hunter-gatherers.
Samples
Well-preserved first molars, as well as bone samples of fibulae, ulnae, and radii, were obtained by the authors from ancestral Ohlone burials excavated by William Self and Associates at CA-ALA-554 (Table 1) . Ramona Garibay, the legally appointed Most Likely Descendant (MLD) for the Ohlone/Costanoan tribe, granted permission for Fig. 2 . Diagram of molar anatomy depicting age-related landmarks (dentin enamel junction (DEJ) and cementum enamel junction (CEJ)), cross-section of the tooth, removal of the enamel, and serial micro-sections taken from the apical root tip to the DEJ. 
Table 1
Twenty-four individuals sampled from the CA-ALA-554 burial population for the present study. The sample includes 7 females, 8 males, and 9 juveniles of indeterminate sex. AMS dating done by Eckert & Ziegler Vitalea Science using collagen samples prepared by the primary author. Dates calibrated using Calib 7.1 with the IntCal13 calibration curve. Calibrated dates listed are the median from probability distribution including all intercepts. The 1-σ range presented is the minimum and maximum age for all 1-σ intercepts.
Burial Sex
Age at death (Table 1) .
Sampling methods
Prior to sampling, burials were cataloged, photographed and/or drawn, and bioarchaeological and osteometric analyses conducted to estimate stature, sex, and age at death, and record existing pathological conditions. Extracted teeth were photographed, and cut in half with a slow-speed diamond saw to focus isotopic analyses on one crownroot sequence. Following our recently-developed methods previously described in Eerkens et al. (2011) , enamel and cementum, as well as secondary dentin growth, were removed from one half of the molar with a drill equipped with a tungsten carbide bit. Teeth were demineralized in 0.5 M hydrochloric acid (HCl) at 5°C, and humic contaminants removed with 0.125 M sodium hydroxide (NaOH). The cortical component of bone samples was isolated and cleaned, and subjected to the same chemical processing as teeth described above.
After demineralization, teeth were sliced into 10-20 1 mm-thick serial sections (micro-samples), controlling for age-related landmarks (dentino-enamel junction (DEJ), cervico-enamel junctions (CEJ), and apical root tip) that permit internal aging of the tooth (see Fig. 1 ). Collagen was extracted and freeze-dried from the bone samples and each serial section of first molars, and 1 mg from each serial section and bone sample analyzed for δ 15 N and δ 13 C on a PDZ Europa ANCA-GSL elemental analyzer interfaced to a PDZ Europa 20-20 light isotope ratio mass spectrometer (IRMS) at the UC Davis Department of Plant Science Stable Isotope Facility (SIF).
Analysis
First molars grow at a rate of approximately 1.8 mm per year in the crown and 1.7 mm per year in the root, and the CEJ of the first molar is formed around age 2.75 years (Hillson, 1996; Dean and Vesey, 2008; Dean et al., 1993) . Age at weaning is estimated by examining δ 15 N (measured in permil) in each serial sections and looking for a 2-4‰ drop in δ 15 N associated with a one-trophic-level difference in diet, from breastmilk to solid food. Age of weaning can be tied to an individual's biological age on the scale of months based on the location of the δ 15 N shift relative to the DEJ, CEJ, and apical root tip and growth rates. Estimations of post weaning diet relies on both δ 15 N, related to trophic level, and δ 13 C, which indicates the degree to which dietary protein is derived from marine versus terrestrial environments.
Results
We address isotopic evidence of life-history landmarks in chronological order, beginning with age at weaning, followed by postweaning diet, and concluding with evidence of independent foraging in middle childhood.
First molar isotopic data for all 24 sampled individuals are presented in the appendix. The Sample ID indicates the burial number, while the lower case letter indicates the serial sample within the tooth. Serial samples start at "a" at the apical root tip, and proceed alphabetically to the crown at or near the DEJ, typically in the range of "l" through "o". Because teeth begin growth at the crown and grow apically to the root tip, samples early in the alphabet indicate diet later in tooth formation (ages 7-9 in first molars), while samples falling in the middle of the alphabet indicate diet earlier in tooth formation (ages 0-4 in first molars). In cases where collagen yield was low, serial samples were combined to reach the necessary minimum of 1 mg per sample for isotopic analysis.
Age at weaning
All sampled individuals, with the exception of a juvenile (burial 165) and an adult male (burial 128), show the predicted elevated δ 15 N in the crown samples, close to the DEJ, indicative of high trophic level protein in the earliest stages of life. This is consistent with an infant obtaining all of its protein from its mother through breastmilk. The high δ 15 N is then followed by a noticeable drop across serial micro-samples. This drop is between 2 and 4‰, consistent with a full drop in trophic level, as expected when an infant transitions from breastmilk to solid food. However, as the weaning curves in Fig. 4 demonstrate, the weaning process, or the period of time during which a mother transitions her child from breastmilk to solid foods, varies between individuals. A steep curve indicates an abrupt transition, whereas a lengthier, more gradual curve indicates a more prolonged weaning process.
The graphs in Fig. 4 plot the serial samples of δ 15 N and δ
13
C for a subsample of the 24 individuals sampled. Each chart represents a single tooth, with δ15N plotted on the primary y-axis, and δ 13 C plotted on the secondary y-axis. Each point within a chart represents a serial sample. The corresponding average age for each serial sample is plotted on the x-axis. The left side of each chart shows sections from within the crown, while the right side shows samples from the root tip. Table 2 lists the period of exclusive breastfeeding, the duration of the weaning process, and the age at weaning (AAW) in months for the 24 individuals sampled from the burial population. The average age at full completion of weaning is approximately 28 months, or 2.3 years of age. There are several notable outliers, including two females who were weaned at the ages of 4 (burial 1) and 4.4 years (burial 157), and one male who was weaned at 8 months (burial 115), and another weaned at 3.25 years (burial 45).
While the individuals who experienced very early or very late weaning exhibit breastfeeding and weaning period durations that generally scale to their age at weaning, the majority of individuals are exclusively breastfed for 6 to 18 months and experience a weaning process lasting an additional 14 to 20 months prior to complete cessation of breastfeeding.
Post-weaning diet
Children's diets immediately post-weaning are isotopically very similar to those of adults; weanlings exhibit an average δ 15 N signature of 8.04‰, while adults at the site average 8.26‰ (Table 2 and Fig. 5 ). Individuals fall within the same trophic level as adults (δ 15 N is within 1.5‰), and appear to be deriving their dietary protein from the same sources (b1.5‰ δ 13 C variation). This data indicates that weanlings are accessing the same sources of dietary protein as adults, which is most likely a result of parents and alloparents provisioning weaned children with a diet nearly identical to their own. The slightly lower average δ 15 N values (~0.22‰) for weanlings relative to adults is likely a result of young children having some difficulty consuming higher trophic level foods eaten with ease by adults. Ethnographic evidence from Central California suggests that weanlings often consumed gruels or mush primarily composed of plants (acorns or small seeds) augmented with pounded terrestrial, aquatic, or marine protein (Harrington, 1942; Kroeber, 1925) .
Independent foraging
After a period of exclusive post-weaning parental provisioning, during which adult and child diets resemble one and other, 25% of individuals (n = 6) show a marked drop in δ 15 N signatures on the order of 0.75-1.5‰ during ages 5 to 9 (see Figs. 4b, c, f and 6). This indicates that over the period of several years in middle childhood, these individuals were consuming resources that differed from the average adult diet at CA-ALA-554, as well as from their own post-weaning diet. The reduced enrichment in δ
15
N suggests that, as children, these 6 individuals consumed lower trophic level foods, perhaps plants that required minimal processing, and possibly small vertebrates, that supplemented adult-provisioned foods. A two-tailed t-test indicates that there is no statistically significant difference between the average age at death for these six individuals (~22.5 years) versus the total sample size of individuals (~22.9 years), and neither is there a significant difference between the average age at weaning (25.2 months versus 26.8 months). The independent foraging signal is present in at least one male and two females, however, the sample size of individuals exhibiting this independent foraging signal is too small to draw meaningful conclusions regarding sex-based differences.
Four of the six individuals with an independent foraging signal date to the Middle Period (2160-940 years BP) and two to the Late Period (740-180 BP); four of the six individuals fall within the time period associated with the Medieval Climatic Anomaly (MCA) (1100-700 BP).
Discussion and conclusions
We have found possible evidence that some individuals at the Central California site CA-ALA-554 engaged in independent foraging efforts as children. These individuals show a 0.75-1.5‰ drop in δ 15 N signatures during the ages of 5 to 9 commensurate with consuming a diet that is proportionally higher in lower-trophic level foods than the average adult at the site. The age range during which this independent foraging signal occurs among the individuals at CA-ALA-554 is consistent with cross-cultural ethnographic observations of child foraging behavior, as is the increased focus on lower-ranking resources, as compared to adults, that previous diet-breadth models for children have predicted (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995) . However, unlike the previously referenced ethnographic accounts of independent child foraging in which most children participate, we find isotopic signatures of independent foraging in only 25% of our sample.
There were likely many social and ecological factors that affected the costs and benefits of independent child foraging to both children and adults in prehistoric Central California, and therefore impacted the likelihood that individuals would engage in independent foraging. These factors include environmental risk, resource availability, and accumulation of wealth.
Ethnographic evidence suggests that children engaged in independent foraging pursue resources that require minimal or no processing, like fruit, insects, shellfish, and small mammals. For adults, these food items may be outside the diet breadth due to the small size and low returns, but a diet breadth model scaled to a child's body size would predict inclusion in the child forager's diet (Bird and Bliege Bird, 2000 Bliege Bird and Bird, 2002; Bliege Bird et al., 1995) . The presence of these resources in the environment in close proximity to a habitation site would permit independent child foraging.
The accumulation of wealth, in the form of stored foods and bead wealth, likely impacted child foraging behavior in two ways. Children in wealthier families would have had improved access to food, potentially lowering their likelihood of engaging in independent foraging activities. Conversely, increased concentration of wealth, and therefore increased inequality, would correlate with higher rates of independent child foraging among non-wealthy families.
Environmental risks to children engaged in independent foraging included predators, difficult-to-navigate terrain, and violence. In environments where these risks are high, the potential costs of children engaging in unsupervised or minimally supervised activities may have been prohibitively high to children themselves, as well as their parents.
The primary occupation period at CA-ALA-554 overlaps with the Medieval Climatic Anomaly (MCA) (1100-700 BP), and many of the individuals in our sample lived during this time. A majority of the individuals exhibiting an independent foraging signal lived during the MCA (Fig. 6) .
The archaeological correlates of the MCA across California have been identified as disruptions in exchange systems (Arnold, 1992; Gilreath and Hildebrandt, 1997; Jones et al., 1999) , subsistence shifts (Collins, 2010; Kennett and Kennett, 2000) , altered settlement patterns (Gardner, 2006; Hull, 2007; Jones and Ferneau, 2002) , and higher levels of disease, undernutrition, and violence (Andrushko et al., 2005; Jones and Schwitalla, 2008; Lambert, 1994 Lambert, , 1997 Pilloud et al., 2014; Raab and Larson, 1997; Schwitalla, 2013; Schwitalla and Jones, 2012; Schwitalla et al., 2014) .
Recent work has used the Central California Bioarchaeological Database (CCBD) to assess the impacts of the MCA on rates of nutritional stress, disease, and interpersonal violence in Central California regions, including the San Francisco Bay Area, Delta, and Central Valley (Jones and Schwitalla, 2008; Pilloud, 2006; Pilloud et al., 2014; Schwitalla, 2013; Schwitalla and Jones, 2012; Schwitalla et al., 2014) . These studies found higher frequencies of skeletal pathologies like cribra orbitalia, porotic hyperostosis, and enamel hypoplasia attributable to disease and malnutrition, in addition to increased rates of pre-and perimortem sharp and blunt force trauma indicative of violence, during the MCA. Increased rates of disease, malnutrition, and violence during the MCA have been attributed to drought-related subsistence shortfalls and associated competition for resources (Jones and Schwitalla, 2008; Lambert, 1994 Lambert, , 1997 Pilloud et al., 2014; Schwitalla, 2013; Schwitalla and Jones, 2012) .
At CA-ALA-554, MCA-related stress is reflected in higher mortality rates across all age groups, though the effect is most pronounced in infants, juveniles, and women aged 19 to 25 (Schwitalla, 2013; Estes et al., 2012) . Additionally, there is evidence of increased rates of interpersonal violence at CA-ALA-554 associated with the MCA, including a mass grave of males exhibiting evidence of perimortem sharp-and bluntforce trauma (Eerkens et al., 2016) .
We suggest that the MCA stimulated the incentives for parents and children to pursue independent child foraging, as any efforts by children to supplement their parentally-provisioned diet would have aided the already stressed household subsistence economy and permitted parents to focus their most intensive investment in younger and more vulnerable offspring.
In spite of increased levels of interpersonal violence associated with resource scarcity and territorial circumscription and risks associated with unsupervised foraging (e.g., rattlesnakes, falls), the value of independent foraging activities to families during difficult years may have promoted this activity. In particular, we note that four of eight individuals who lived during the MCA (50%) seem to have engaged in independent foraging, while only two of ten (20%) who lived either before or after the MCA did. The sample size is certainly small, but we suggest that difficulty gaining food and/or increased uncertainty in foraging during especially difficult years within the MCA caused an increasing number of individuals to pursue independent childhood foraging. 
